The polymerase chain reaction has undergone rapid improvement since its initial development, such that the technique currently permits rapid, accurate, predictive tests to be made in the field of prenatal diagnosis and has greatly aided forensic medicine.
globin gene.2 To date there are in the region of -5000 base pairs (bp) of sequence around the cluster of globin genes on chromosome 11, one member of which is 13 globin.3 The availability of sequence information made the sickle cell mutation the ideal candidate for the first attempts at gene amplification and prenatal diagnosis using PCR.4 PCR usually depends on knowing a minimum DNA sequence of 17 bp on either side of the region of DNA to be studied. The complementary oligomers to these small regions are used to prime the amplification of the target sequence and are therefore known as 'primers'.
In the case of sickle cell anaemia, two 20 bp oligonucleotide primers were constructed which were complementary to the 1 globin gene. These primers flanked the region of the sickle cell mutation and hybridised to different strands of the DNA molecule ( fig 1) . The PCR procedure involved repeated cycles of heat denaturation, annealing, and primer extension. Heat denaturation unravels the DNA so that it becomes single stranded. During annealing the oligonucleotide primers, present in vast molar excess, hybridise specifically to their complementary sequences and, finally, a DNA polymerase extends the primers by incorporating deoxynucleotides to form a new complementary strand of DNA. By repeated cycles of denaturation, annealing, and extension, the new strands themselves act as templates for the DNA primers and the process leads to an exponential amplification of DNA bounded by the primers. The termini of the fragments formed by PCR are defined by the primers, which themselves become incorporated into the fragments. Therefore, by the end of 30 cycles, blunt ended fragments of a specified size are present in excess compared with those with free ends generated in the first rounds of amplification. This basic cycle of denaturation, annealing, and extension in the presence of a DNA polymerase, excess primers, and excess nucleotides is termed the polymerase chain reaction. PCR AND VIROLOGY Two excellent reviews have recently been written about using PCR for detecting viruses, in particular HIV-1 and 2 and HTLV-1 and 2.7 36 The ability to recognise viruses such as these, which are difficult to culture and which might prevent the production of specific antibodies useful for conventional tests, is going to become increasingly important.37 It has been shown that HIV-1 is detected by PCR six months before seroconversion is confirmed by Western blotting.7 PCR can also be used to look for the presence of HIV in at risk cases, for example, the children of seropositive mothers or those having had intimate contact with a seropositive person.36 PCR can offer an even higher degree of sensitivity, as it can recognise whether an infection is latent or whether active transcription of the virus is occurring by using viral mRNA rather than DNA as the starting material.38 This has several important uses. It can help monitor the efficacy of antiviral drugs as well as gaining knowledge of the changes in the virus through the course of the disease.
Within the last year workers have gathered together to rationalise and standardise testing for, primarily, HIV-1 (J P Clewley, personal communication). The detection of the cloned heat labile toxin (LT) gene of toxigenic E coli by means of PCR has been described. 44 It was shown that after 24 cycles of amplification, 1 fg of cloned LT gene could be detected using a biotin labelled probe, representing a 103 fold increase of sensitivity over unamplified material and without the use of radioactivity.
Most DNA probes which are currently used to detect microbes are large. Some organisms, for example Neisseria gonorrhoeae, contain plasmids, autonomous pieces of DNA that are easily isolated and that can be used as highly specific probes.4' However, most DNA probes isolated from micro-organisms contain sequences which are not species specific and therefore cross hybridise to give dubious results. In order to enhance their specificity, unique DNA sequences are identified in these probes. Amplifying these smaller fragments, or just parts of them, by PCR and using biotinylated oligonucleotide probes, or direct sequencing, could aid the specific identification of microbes and simultaneously save time and expense compared with the use of radioactivity.
There 
